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INTRODUCTION 
In an effort to understaind the substitution re­
actions of benaene and its derivatives, the nitration 
reaction has been extensively studied. This reaction 
is particularly convenient for exsunination since it 
is irreversible and easily controlled, forming rela­
tively stable products. The early work consisted of 
the determination of the various isomers formed in 
the nitration of different benzene derivatives and 
the subsequent classification of the substituents as 
either ortho-para or meta directing groups,^ Prom 
competitive experiments with benzene, it was fo\ind 
that ortho-para directing substituents were activa­
ting groups toward nitration and meta directing sub­
stituents were deactivating. It was from such work 
that the general theories of aromatic substitution 
were developed, since in nitration, as in all the other 
common substitution reactions {i,e,, sulfonation, halo-
genation, alkylation, and acylation) the attacking spe­
cies was shown to be electrophilic and, therefore, at­
tack occurred at centers of high electron density. 
1. A. F. Hollenmn, "Die direkte Einfuhrung von Sub-
stituenten in den Benaolkern," Leipzig, 1910j Chem, 
Revs,. 1, 187 (I92ii.), 
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In recent years, the mechanism of aromatic nitra-
2 tion has been the subject for numerous studies. Sev­
eral anomalies, however, still exist, one of these be­
ing the ortho-para ratio obtained upon the nitration 
of the derivatives of benzene. The few theories ad­
vanced to account for ortho-para ratios are not suf­
ficient to explain the observed experimental results. 
It was with the idea of attempting to elucidate these 
facts that this work was ^^ndertaken. The problem is 
one of general interest since a better understanding 
of the factors involved in aromatic nitration will 
necessarily lead to a more complete understanding of 
substitution reactions in general. 
2. For an extensive review, see: R, J, Gillespie and 
D. J. Millen, Quart. Revs.. 2, 277 USW. 
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HISTORICAL REVIEW 
The Mechanism of Nitration 
The mechanism of aromatic nitration came in for 
a great deal of speculation in the past. For a long 
time, the "addition • elimination" theory was the most 
widely accepted* Holleman considered substitution re­
actions to consist of (l) a preliminary addition of 
the attacking species to a double bond of benzene and 
then (2) an elimination of water in nitrations or sul-
fonations or hydrogen halide in halogenations 
The work of Michael^ on the addition of sulfuric 
acid to olefins indicated that there was no analogy in 
the chemistry of simple alkenes to support the "addition -
3» (a) A, P. Holleman, Rec« trav« chim,« 12, 355 (1923)J 
Ghem« Revs*, 107 (I92lfj; lb) M* Wieland and E, Sakel-
iarios, Ber.,"33» 201 (l920). 
ii., A. Michael and H. vVeiner, J. Am. Chem. Soc,. 58. 29ij. 
(1936). 
elimination" theory of aromatic substitution. In the 
case of nitration, it was shown by Martinsen's'^ experi­
ments with phosphorus pentoxide addition to mixed acids 
that the dehydrating action of sulfuric acid was not 
involved in the mechanism. 
At the present time, nitration is regarded as a 
typical electrophilic displacement reaction in which 
the nitronium ion is the attacking species. That the 
nitronium ion, N02t is the active attacking species 
was first suggested by Euler^ in 1922» It would be 
expected that certain analogies would exist between 
the mechanism of nitration and other electrophilic sub­
stitutions, Benford and Ingold^ have pointed out that, 
just as the efficiency of a brominating agent depends 
upon the affinity of X for the electrons of the X-Br 
bond, so nitrating agents will be of the fom X-NOg 
and their efficiency will be dependent upon the elec­
tron affinity of X. Therefore, due to the weakly acidic 
properties of HgO, nitric acid, HONO2 can be expected 
5. H, Martinsen, Z, physik. Chem,, 50, 385 (1905)s 
605 (1907). 
6. H, von Buler, Anru, 330. 280 (1903) J Z. anp.ew. 
Chem,, 35> 580 {I9227T 
, G, A, Benford and C« K, InF,old, J, Cham, Soc,, 929 
1938). 
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to be only a weak nitrating agent. Acetyl nitrate 
might be expected to be a somewhat stronger nitrating 
agent because of the greater acid strength of acetic 
acid, and the nltronium ion would be expected to be 
the strongest possible nitrating agent. Thus, a list 
of possible nitrating agents, X-NO2, can be written 
In order of increasing nitrating strength as follows 
EtO'HOg HO.NO2 AcO'NOg H02»N02 
Ethyl Nitric Acetyl Dinltrogen 
nitrate acid nitrate pentoxide 
CI.NO2 H20.N02^ N02^ 
Nltryl Nitracidiiun Nltronium 
chloride ion Ion 
There was no really good substantiating evidence 
for this nitronivim ion until recently. The nature of 
the solutions of nitric acid have been the subject of 
much discussion, mainly because of their nitrating 
properties, and a number of views about the condition 
of nitric acid in various solvents has been advanced. 
8 Saposchnlkow, from determinations of densities, elec-
8. A. Saposchnlkow, Z. physik. Chem., 51. 609 (1905)J 
lii, 697 (19014.); 225 U905}. 
trical conductivities, and partial vapor pressures of 
mixtures of nitric and sulfuric acids, concluded that 
a reversible hydration and dehydration of nitric acid 
takes place in sulfuric acid solutions, 
HKO3, laHaO -h HN03,(m-n) H2O -h H2S0|^, nHaO 
Thus, when n = m, 
2HNO3 + nHjSOl^ KgOj HgO 
This hypothesis was supported hy H. von Halban and J, 
Eisenbrand,*^ who considered the totally different ul­
traviolet absorption spectra of anhydrous nitric acid 
and its solutions in sulfuric acid to be due to the 
presence of dinitrogen pentoxlde in the sulfuric acid. 
The Raman spectrum of the solutions of nitric 
acid in sulfuric acid contains two lines, one approx­
imately at 1050 cm""^ and the other approximately at 
II4.OO cm*"^, which are not due to either of the acid 
molecules.The spectrxim of solutions of dinitro­
gen pentoxlde in nitric acid also contains lines at 
. H. von Halban and J, Eisenbrand, ibid,, 132, liOl 
1928). 
10, L, Medard, Compt. rend., 199. l6l5 (l93^^-)• 
11, J. Chedin, ibid.. 200, 1397 (1935). 
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approxlmately lO^O cm**^ and ll|.00 cm*^ In addition to 
the known frequencies of the nitric acid molecxxl®. 
These two lines also increase in intensity with in-
11 12 
creasing dinitrogen pentoxide concentration. * 
These same two frequencies were also observed in 
the spectra of solutions of phosphoric acid in nitric 
acid,^^ Both Chedin and Susz attributed these two 
frequencies, 10^0 cm"^ and lii.00 cm"l, on ttie basis of 
these results, to dinitrogen pentoxide, Chedin, how­
ever, later has shown that this interpretation was not 
entirely satisfactory. He found no trace of these two 
lines in spectra of dinitrogen pentoxide in carbon 
tetrachloride, chloroform, phosphorus oxychloride, 
and nitromethaneChedin and Pradier^^ found the 
Raman spectrum of solid dinitrogen pentoxide to con­
sist of two sharp lines having frequencies of 1050 
cm*"^ and lifOO cra'"^. Since Walden^^ had shown cryos-
copically that dinitrogen pentoxide existed in the uni-
molecular form in phosphorus oxychloride solution. 
12. B. Susz and £, Briner. Helv, Chim. Acta,, 18, 
278 (1935)» "" 
13. J. Chedin, Gompt. rend.. 201, 552 (1935). 
ik. J. Chedin and J. C. Pradier. ibid.. 203. 722 
(1936). 
15. P. Walden, Z. anorg. Chem.. 68, 31^ (1910). 
•8-
Chedln attributed his observed lines to the dinitro~ 
gen pentoxide molecule. He concluded that dinitrogen 
pentoxide did not exist in the unimolecular form, 
either in the solid state or in nitric or sulfuric 
acid solutions. 
Another view of the natxxre of nitric acid aolu-
tions in sulfuric acid was advanced by Hantzach-*"" on 
the basis of his cryoscopic, optical absorption, and 
electrical conductivity studies. He considered svil-
furic acid the stronger of the two acids, thus, it 
would donate a proton to the nitric acid molecule giv­
ing rise to the following ionizations, 
NOg'OH + — HgNoj" + HSO|^-
NOg'OH + 2i^S0Jj^ 
He found that nitric acid produced an approximately 
three fold depression of the freezing point (van't 
Hoff factor, i =3), a result which was subsequently 
confimed by Robles and MolesHantzsch attempted, 
but without success, to demonstrate the presence of 
16. A. Hantzsch, Z. physlk. Chem,. 6S« i+.l (1908), 
17. C. R. deRobles and E, Moles, Anal. Fis. Quim.. 
ja, ItVl). (1935). 
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nitric acid in the form of a cation in sulfuric acid 
solution by means of electrical transference. He at­
tributed this failure to the fact that sulfuric acid 
alone decomposed upon the electrolysis of these solu-
tions. He was unable to isolate the salts,(H2N02 1 
(HSOj^^ and 2» He also investigated mix-
tiu'es of nitric and perchloric acids and claimed to 
have isolated crystalline perchlorates of both of the 
suggested cations. The nitracidium salt was recrystal-
NOg'OH + HCIC^ —^ (H2N03) (C10|^) 
N02*0H 2HC101^ —^  (H3HO3'') CCIOIJI2 
lized from anhydrous nitric acid while the hydronitra-
cidium salt from anhydrous perchloric acid, and they 
both had compositions in agreement with the above 
formulas. The ionic nature of the salts was confimed 
by electrical conductance and transference measurements 
n O 
of their solutions in nitromethane. 
The technique of cryoscopy in sulfuric acid has 
recently been greatly improved by Hammett and co-
18. A. Hantzsch and K. Berger, Ber«. 61. 1328 (1928). 
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workers^^'^® and most recently, by Gillespie 
Gillespie and coworkers have repeated Hantzsch*s work 
using a more accurate technique and have established 
that the van't Hoff factor i for nitric acid in sulfuric 
solution has the value 3«77*^^ They also showed the 
following ionizations to be taking place in sulfuric 
acid solutions. 
HNO^ ^  2H2S0|^ —^ H20"^+ 2HS0jJ^ 
N2O5 + 3H2S0|J  ^ 2N02^  + 4- 3HS0|j; 
N02^  + N0^ +- H30'^  + 3HS0J 
NgO^ -V- 3H2S0|^ aNO"*" + H^O"' + 3H30j^ 
These conversions are quantitative except that, since 
water is only a semi-strong base, the ions formed partly 
19* L. P. Haimnett and A, J, Deyoup, J, Am. Chem. Soc.. 
1400 (1933). 
20. H, P. Treffers and L. P. Haramett, ibid,, 59. 1708 
(1937). 
21. R, J, Gillespie, J. Graham, E. D. Hughes, C, K. 
Ingold, and E, R, A. Polling, Nature, 158. i^ -SO {I9it.6)j 
J. Chem. Soc., aSOlf {1950). 
22. R. J, Gillespie. E. D. Hu^ es, and C, K. Ingold, 
J. Chem. Soc.. 21^.73 V1950) • 
23. R. J. Gillespie, ibid.. 21^-93 (1950). 
recorabin© as follows: 
HgO -f- HgSOj^ ^ HSOj^ 
For this reason, the 1 factor for nitric acid is less 
than the theoretical value of 
L, P. Kuhn^ has confirmed the cryoscopic measure­
ments for solutions of nitric acid in sulfuric acid and 
has also foxind an i factor of five for the solution of 
ethyl nitrate in sulfuric acid, 
EtO'NOg —=»- NOg + + EtO'OSO^H + 2HS0j^ 
Hantzsch*s results have been reinterpreted by 
Bennett^-^ to give a value of i equal to Ij. since some 
of Hantzsch's more satisfactory results were obtained 
for solutions of potassium nitrate in sulfuric acid. 
These solutions, after allowing for the potassium 
acid sulfate formed, give values more nearly equal to 
Ij., Bennett, Brand, and Williams also suggested a 
simplified explanation of the Raman spectrum of ni­
tric acid in sulfuric acid solutions. They suggested 
21^ ., L, P, Kuhn, J, Am. Chem, Soc». 61j.. 197^ -^ (19^ 7)* 
25. G. M, Bennett, J. C. D. Brand, and Gwyn VVilliams, 
J, Chem, Soc,, 869 (19J^6), 
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that Chedin's fom might be the ionic form, with the 
frequency 1I4.OO cm""^ assigned to the nitronixan ion and 
the 1050 cm"^ frequency assigned to the nitrate or 
bisulfate ion, both of these having a strong frequency 
in this neighborhood. Prom spectroscopic selection 
rules, it could be shown that if the nitronium ion 
were a linear, centrosyrametrical ion, it would have 
only one strong Raman frequency, Tne observation of 
two Raman lines is then consistent with the ionizations, 
(In sulfuric acid) HIJO^ 4- aHgSOi^—> KOg + H^o"" +• 2HS(^ 
(In nitric acid) NO2 + NOJ 
This view has been verified by Millen^^ who in­
vestigated the Raman spectra of mixtures of nitric 
acid with other strong acids which have no known fre­
quencies at 1050 cra*"^. It was foinid that the Raman 
spectra of mixtures of nitric acid with either per­
chloric or selenic acid contained an intense line at 
li|.00 cm*"^ but no corresponding line at 10$Q In­
stead, there appeared lines corresponding to the per-
chlorate or biselenate ions. 
26. C, K, Ingold, D, J, Mlllen, and H, G, Poole, 
Mature. IS8. PO (19^). 
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The perchlorates of liantzsch's assumed ions 
HgNO^ and have also been reinvestigated. 
It has been shown by Goddard^^ that Hantzsch's solid 
products contained nitronium perchlorate formed as 
follows J 
HNO3-I- 2HC10ij^ (K02)(C10p + (H30"^){C10|J) 
Goddard was also able to prepare the following nitron­
ium salts: the perchlorate, the fluorosulfonate, the 
pyrosulfate, and the bipyrosulfate. Millen has shown 
by means of his Raman spectroscopic method that these 
salts have the assigned ionic constitutions. Thus, 
the evidence assembled certainly substantiates the 
view that the nitronium ion, NOjj, actually exists. 
The earliest attempted kinetic work was done by 
Spindler^® who examined the nitration of benzene using 
no solvent, hence, under heterogeneous conditions. He 
was unable to obtain any rate constants. Giersbach 
and Kessler^*^ nitrated benzene in nitrobenzene solu-
27. D. R. Goddard, E, D, Hughes, and C, K. Ingold, 
Nature, 158. If80 (19I4.6). 
28. P. Splndler, Ann.. 22l|.. 283 (l88l|.)» 
29# Giersbach and A. Kessler, Z. physik. Chem., 
2, 676 (1888). 
tlon. Their principal observation was that the reac­
tion started very rapidly and ended slowly, probably 
due to the water fonned during the reaction. Holleman 
and De Bruyn-^® nitrated nitrobenzene in large excess 
of the same substance but got no recognizable reaction 
order. The first real kinetic results were obtained 
by Martinsen^ in 190i|-* He showed that the nitration 
of aromatic substances in sulfuric acid was second or­
der: 
Rate = kg I ArH 1 I HN02\ 
This conclusion was verified for several different 
c o m p o u n d s  b y  o t h e r  l a t e r  i n v e s t i g a t i o n s . T h a  
variation of the initial solvent composition has a 
considerable effect upon the rate of nitration. This 
was first shown by Martinsen^ who discovered that the 
rate of nitration in sulfuric acid - water mixtures 
30• A, F, Holleman and B. R, De Bruyn, Rec, trav, 
chim.. 12, 79 (1900). 
31. A, Klemenc and R, Schftller, Z. anorp;. Chem.« lit.1. 
231 (192!^ .), 
32. K. Lauer and R. Oda, J. prakt. Chem,, litii.. 176 
(1936)} Ber..69B. IO61 (1936). 
33• M« R. Lantz, Bull, soc. chim., 6, 280 (1939)• 
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increased to a maxlmumi at approximately 90 percent aiil-
furic acid and then decreased. These results have been 
verified by a number of other investigators including 
lestheimer and Kharasch,^  and Bennett and coworkers.-^ '^  
In all cases, the maximum nitration rate occurs 
in the region of 90 percent sulfuric acid, although 
small variations may appear with change of compound 
and temperature. Both the above authors suggested 
that the increase in the initial rate as the concentra­
tion of sulfuric acid increased, is due to the increas­
ing formation of the nitronium ion. Bennett et al. 
explain the decrease in rate by assuming a termolecu-
lar process for nitration. 
ArH + N0| + HSOij^ —^ ArN02 + H2S0|^ 
This process depends not only upon the attack of the 
nitronium ion upon the aromatic substance, but also 
upon the removal of the proton by a base, Westheimer 
and Kharasch suggest that it might be better to con­
sider the rate of nitration a function of the acidity 
P, H. Westheimer and M, S, Kharasch, J, Am. Chem. 
Soc.. 6Q, 1871 (I9if6). 
35. G, M. Bennett, J, C. D, Brand, D, M, James, T, J. 
Saunders, and G, Williams, J. Chem, Soc.. I1.7I4. {1914-7) • 
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of the medium instead of the sulfuric acid concentra» 
tion. They correlated the rate of nitration with 
Haranett's acidity function,^^ 
Ho" pKa + l°S 
Westheimer and IQaarasch assumed that organic nitro 
compounds such as nitrobenzene lowered the acidity of 
the meditjm by acting as bases in the concentrated sul­
furic acid solutions* They calculated the activation 
energy for the nitration of nitrobenzene in 90 percent 
sulfuric acid as equal to approximately 15,000 cal/mole. 
Gillespie and Millen^ point out that the above views 
are not completely satisfactory and suggest that an al­
ternate explanation might be closer to the facts. They 
feel that not only the nitrating species, but also the 
species being nitrated in solution, is important. They 
feel that the decrease in nitration rate can be ex­
plained on the basis of the formation in solution of 
hydrogen bonded complexes or in high acid concentra­
tion above 90 percent, the conjugate acid form of the 
aroiaatic substances. Just which form would be present 
in any one solution would depend upon the basicity of 
36» L. P. Hainmett, "Physical Organic Chemistry,^ 
McGraw-Hill, New York, 19l|.0, p. 26?. 
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the compoimd and the acidity of the solvent. In a 
solution of nitrobenzene in sulfuric acid, they assume 
the following equiliberia: 
37 The work of L, F. Hammett and R. F, Chapman on 
the solubility of various aromatic compounds in sul­
furic acid - water mixtures provides further evidence 
for the existence of such hydrogen bonded complexes. 
The solubility of organic coupotmds in water is very 
small. In most cases, on increasing the concentra­
tion of sulfxiric acid as solvent, the solubility of 
the oompo\inds undergoes a small decrease in solubility. 
At acid concentrations of 60-80 percent, a sudden 
large increase in solubility occurs. In the Table I 
37, L. P. Hammett and R. P. Chapman, J. Am. Chem. Soc., |6, 1282 (I93ii.). 
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Table 
Basicities of Nitro Compoxinds in 100^ ^ 2^®% 
Compo\jnd K|j(g-mol kg*^) 
Approx. % 
Ionization 
(0.1 molal) 
CH^NOg 5.5 X 10*3 21 
NO2 
HO2 6,7 X 10"'^  23 
NO2 
^ 0 
^H02 1 .If X 10~2 31 
0 NOg 2.9 X 10"^  kl 
0H3 ^  NO2 2,0 X 10*1 73 
19-
O 
Gillespie has listed the degree of ionization of sev­
eral nitro compounds in anhydrous sulfuric acid. 
Benford and Ingold? have carried out kinetic in­
vestigations in tdie organic solvent, nitromethane. 
They used a constant excess of nitric acid and demon­
strated zero order kinetics with respect to the aro­
matic substances. This kinetic law, however, held 
only for the relatively reactive compounds such as 
benzene and toluene. Recently it has been shown by 
iHNOo in excess ArH = PhCH^, 
Hughes, Ingold and Reed that other organic solvents 
such as acetic acid will lead to the same kinetic re­
sults.^® They found that with unreactive compounds, 
such as £-dichlorobenzene and ethyl benzoate, first 
order kinetics were obtained. Most aromatic campotinds 
Rate s kj^(ArH) 
fall into one of these two classes, but some, for ex­
ample; the phenyl halides, have a critically inter­
mediate reactivity and exhibit intermediate kinetics. 
38. E. D. Hughes, C. K. Ingold, and R. I. Reed, Nature, 
158. 1^ 8 {19ko)} J. Chem. Soc.. 21^ .00 (1950). 
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Ingold has summarized the kinetic evidence gathered 
to the present along the following lines. He considered 
the kinetic experiments in organic solvents which exhib­
ited zero order kinetics and the transition to first 
order kinetics with diminishing aromatic reactivity to 
prove without a doubt the formation and effectiveness 
of the nltronium ion, NOg. In these experiments, the 
kinetically important or rate controlling step is the 
fonnation of the nltronium ion. That this is true 
follows from the fact that sulfuric acid will acceler­
ate the rate of nitration in nltromethane, acetic acid, 
or in nitric acid. Similarly, nitrates will retard 
the rate, this being a specific and not a general salt 
effect. These effects occur alike with zero or first 
order reactions, always without disturbance of the re­
action order. The following Ionizations are thought 
to occur. 
aHNO^ H2N0j-t-K03 (fast) 
HgNOj NO^+HgO (slow) 
Consistent with the above reactions, the kinetic 
effect of water in zero order nitration is negligible 
in comparison to that of the nitrate ion. Thus, gen-
-21-
erallzing from the kinetic investigations that have 
been carried out, acetic acid, nitromethane, nitric 
acid, and sulfuric acid considered as nitration media 
form a series in the form of increasing polarity. A 
replacement, partial or complete, of any of these sol­
vents by a more polar one, increases the nitration 
rate without increasing the reaction order. Frcan 
these results, and the well established theory of 
kinetic solvent effects, it follows that while ionic 
charges are created in the reactions which form ni-
tronim ion, NOg, ionic charges are neither formed nor 
destroyed in the rate controlling step of the attack 
by the nitronium ion on the aromatic molecule* 
The nitrating attack must be 
ArH + HOg ArHNOg (slow) 
ArHNOg —^ ArHOg-t-H'*' (fast) 
Thus, the termolecular mechanism postulated by Bennett 
and coworkers would seem to be eliminated on the basis 
of the lack of solvent effects upon the reaction order. 
ArH + HOg ArWOg + HgSOi^ 
These results have been substantiated by the work of 
-22-
Melander.^*^ He carried out dinitration studies by 
means of product analyses upon tritium toluenes. It 
was expected that on dinitration toluene-l^-t would 
lose all, and toluene-3-t none, of its activity. Tol-
uene-2-t, finally would lose an amount corresponding 
to the relative velocities in the two ortho positions, 
one containing tritiujn and the other, protium. He an­
alyzed his reactions by burning the organic molecules 
and determining the specific activity of the water 
samples obtained. His results are suraraarized in 
Table II. 
Table II 
^ Tritivim Calc. % Tritium Found 
Toluene i|.-t 0 2.2 
3-t 100 99 
2-t {B0)« (5l.9)(if9.7) 
«This assumes equal nitration velocity in 
tritium and protium positions. 
It was expected in view of the great difference 
39. L. Melander, Nature, l63. 599 (19^4-9); Arkiv Keml, 
2, 211 (1950). 
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in mass and therefore, in zero point energy of the 
original bond that the velocities in nitration should 
be different if the splitting off of the hydrogen ion 
takes place in the rate controlling step. The simplest 
explanation of the observed lack of isotope effect is 
that the addition of the nitrating agent, the nitronivun 
ion, is the rat© controlling step with rapid splitting 
off of the hydrogen following. 
-21^ .-
OrthcPara Ratios 
One of the least understood phenomena encountered 
in aromatic substitution is the theory of ortho-para 
ratios. It is obvious that, if a given substituent had 
the same effect upon the ortho and para subatituticns. 
Table III 
Ratio of Para to Ortho Substitution 
Accompanying Nitration 
Substance Ortho 
(^ ) 
Para 
(^ ) 
p/o Substance Ortho Para p/o 
i% )  k%)  
PhP 12,If 87,6 7.06 PhCHgCl h i  55 l.3lf 
PhCl 30,1 69.9 2,32 PhCHClg l,8lf 
FhBr 37,6 62 .i). 1,66 PhCCl^ 1^ ,22 
Phi U,! 58.7 l.ij.3 PhMe 58 38 0,65 
the ratio p/o would be 0,5 since there are two ortho 
positions and only one para position. Several ideas 
have been presented to accoxmt for the observed exper­
imental results. Table III lists some data presented 
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by Lapworth and Robinson These authors point out 
that most of the data can be explained if it is recog­
nized that substituents showing +I effects (inductive 
effect directed towards the aromatic ring) activate 
the neighboring ortho positions more than the remote 
para positions, whereas substituents showing -I effects 
deactivate the ortho positions more than the para po­
sitions. They also found it necessary to employ th® 
concept of steric hindrance by large substituent groups 
to explain such observations as the almost complete 
lack of ortho substitution w len diphenyl is nitrated. 
This idea of steric hindrance has been supported by 
the work of LePevre^^ who showed that the probability 
of ortho substitution will be lessened by the size of 
the substituent group in the order: Me<Et< fr< Bu. 
This same sequence would also follow equally well from 
considerations of hyperconjugation. Ingold^^ postu­
lated the "direct" fiold effect as an explanation for 
ortho-para ratios. He proposed this concept to explain 
I4.O, A. Lapworth and R, Robinson, Mem. Proc. Manchester 
Lit. Phil. 3oc.. 22» k3 (1927). 
1. R. J. W. LePevre. J. Chem. Soc.. 977 (1933): ISOI 
193k). 
ij.2. C. K. Xngold and G. C. M. Vass, J, Chem, Soc., 
1^ 97 (1928). 
•26-
the observed experimental results that Holleman ob­
tained in the nitration of compounds such as £-broTno-
chlorobenzene. Thus, for the halogens, besides the + T, 
tautomeric effect, and -I, inductive effect, there was 
also a "direct" field effect operating. This effect 
was also deactivating, -D. This effect is propagated 
not through the bonds of the benzene ring, but throu^ 
space, its distribution in the ring being thus in the 
order: £>®>£« There has been a tendency recently 
to consider this "direct" field effect to be just a 
part of the general inductive effect and not a distinct 
and separate effect. Holleman obtained the data of 
Table IV for the nitration of nitrobenzene. These re­
sults, showing the lack of para nitration, cannot be 
explained by the original theory of Lapworth and Robin­
son, nor by considering the steric effects present in 
the system. Holleman originally proposed a theory to 
explain the prevalence of ortho nitration on the basis 
of his "addition - elimination" mechanism of arcHoatic 
nitration. He asstamed that the effect of the substl-
tuent on the aromatic nucleus was felt only In the po­
sitions conjugated with the substituent, thus, in the 
14.3* A. E. Remick, "Electronic Interpretations of Or­
ganic Chemistry," Second Edition, John Wiley and Sons, 
Kew York, 19^ 1-9, P* 85. 
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model pictured below, carbon atoms two and three are 
relatively unaffected. Therefore, in the case of nitro-
:6: 
ii-
benzene, nitration should occur by means of the addi­
tion of elements of HONO2 to the two, three positions. 
The major side product, therefore, should be the ortho 
Table IV 
Nitration of Nitrobenzene 
Temp, i Acid % 
Ortho 
Isomers 
Met a Para 
M 
15 
0 
f 
0® 98,58 6«i|. 93.2 0.25 III-.5 25.6 
30 9l^ -.50 8.1 91.2 0.7 11.2 11.6 
30 95.90 8,5 91.0 0.5 10.7 17.0 
30 97.6 8.1 90.9 1,0 11,2 8.1 
0 4.8 93.5 1.7 19.5 2,8 
30 HjSO^  6,8 91.8 l.ij. 13.5 li-.8 
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derivative, since carbon atom two is less deactivated 
than the corresponding para position, carbon atom foxir, 
which is part of the conjugated system. 
There are quite a few investigations concerning 
nitration in the chemical literature which report a 
large ortho-para ratio, Wahl^  reports 3#J4-*dlnitro*2,5" 
dlmethylchlorobenzene as the major product of the ni­
tration of 3-nitro-2,5**dimethylchlorobenzene . Also the 
dinitratlon of 2,5-dini©thylchlorobenzene gave a mixture 
of 3»i}-"<iinitro-2,5-dimethylchlorobenz®ne and ij.,6-dlnl-
tro-2,5-dimethylchlGrobenzene. Ingold^^ also reported 
that the ortho nltro derivative was the chief by-product 
of the nitration of benzonitrlle. The main product was 
the meta derivative reported In 81 percent yield. Sim­
ilarly, Holleman found that the nitration of benzoic 
acid at -20® gave a mixture of isomers having the fol­
lowing percentages, o:m:£ = li}.:85:Ot6. The methyl ester 
at -30® yielded, ojm:£ « 
Another recent view of ortho-para ratios has been 
advanced by WatersHe pointed out that low percent-
M. H. Wahl, Ann. Chim.. £, 5 (1936). 
i{.5. J. Baker, K, E, Cooper, and C, K, Ingold, J, 
Chem, Soc,, i}.27 (l928). 
i|.6. W, A, Waters, Trans, Faraday Soc., 37. 7^ 1-5 (19^ )* 
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ages of ortho substitution commonly encountered may b® 
due, in part, to sterlc effects, but it is also possible 
that it is due to a synmetry factor which affects the 
transition states of the possible products. He cor­
relates this transition probability with the stability 
of the quinoidal structures that may be formed in the 
transition state. As support for this idea, he points 
out that it is a well known fact that o-qulnones are 
less stable than ^ -quinonesj^"^ that is, they are more 
easily reduced* 
Dewar^® has applied Wheland's^^ molecular orbital 
method to an Investigation of the relationship between 
directive power and electron affinity in electrophlllc 
substitution. He calculates relative activation en­
ergies for ortho« meta. and para substitution by cal­
culating the differences in total tt-electron energy 
between PhX and the corresponding transition states 
for ortho, meta, and para substitution. For a -I sub-
stituent, the order of rates should be £)£)m; for a 
1|.7. L. Fieser, "Organic Chemistry," edited by H, Gil-
man, J, Wiley & Sons, Vol. I, 19^3» P« 159» 
i}.8* M, J. S. Dewar, J. Chem. Soc., I4-63 (19^9) • 
1^ -9. G. Wheland, J, Am. Chem. Soc., 900 {19l|.2). 
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I substjJ.tivisn'feJ For a —E substituent^  (£» £) 
> mj and with increasing electron affinity, the ratio 
£:£ should fall. For a +E substituent, ra »  { o ,  £ ) ;  
and the directive power should increase with increas­
ing electron affinity of the substituent* The ratio 
joj£ should always be considerably greater than xanity. 
5o Roberts, in his investigation of the electrical 
effect of the trlmethylamittonium group, has concluded 
that the strong meta directing properties of this group 
towards electrophilic substitution can best be explained 
on the basis of possible transition states. He feels 
that the most likely transition states are those which 
have the least electrical repulsions between like charged 
centers* For example, structure A below is more stable 
n{CH3)3 
H 
H NO2 
A B 
50• J. D. Roberts, R, A. Clement, and J. J, Drysdale, 
J, Am, Chem» Spc., 2i, 2182 (1951). 
-31-
than structiire B. Roberts concludes that the met a 
directing power of the trimethylammonium group can 
better be understood on the basis of the possible 
transition states pictured above than on the basis of 
the inductive effect of this group. 
32-
EXPERIMENTAL 
Ultraviolet Absorption Spectra 
All the ultraviolet apectrophotometrlc studies 
were made with a Gary Recording Spectrophotometer 
(Model 12). This instrument recorded the optical den­
sity of the solution, defined as log 1q/I, where IQ 
and I represent the incident and transmitted light in­
tensities. The solutions were scanned with the instru­
ment using silica cells. The absorption measurements 
were made at room temperature. The solvents used were 
cc8Bmercial grades without any further purification. 
Infra-red Absorption Spectra 
All the infra-red studies were made with a Balrd 
Associates Infra-Red Recording Spectrophotometer (Model 
B), This is a double beam instrment which automati­
cally recorded the percent transmission of the solu­
tion. The qualitative work was done using the Nujol 
mull technique. The analytical work was done using 
the differential solvent technique. Carbon disulfide 
was used as the solvent, Potassium bromide cells were 
used, the reference cell thickness was 0.105 mm. and 
the sample cell thickness was O.lOl^ mm. 
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Mltrobenzene 
Hltrobenzene (E.K.C.) was distilled tiirough a 44 
plate column and a fraction boiling at 208.2® was col­
lected and used for the apectrophotometric work. 
2.g^Dichloronitrobenzene 
This compoiind (E.K.C.) was used without further 
purification, m. pt. 
2,5*Dibromonltrobenzene 
A good yield of this conipotond was obtained by ad­
ding 20 grama of £-dibromobenzene to about 80 ml, of 
fuming nitric acid and allowing the mixture to stand 
for about one hour. The solution was then poured into 
cracked ice and the crude product recovered by suction 
filtration. The material was recrystallized twice, 
first from 95 percent eth&nol sind secondly from Skelly 
B. m. pt. s 82-82,5®. 
2,3*Dinitro-l ,li-dibromobenzene 
This compound was prepared using the procedure of 
Jacksonra. pt. - 157°. 
C. L. Jackson and D. F. Calhane, Am. Chem. J.. 28. 
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Pig* 2 Infra-red spectra of 2,3-Dinitro-l,l4.-dichlorobenzene, 2,5-Dinitro-l,l4.-
dichlorobenzene, and 2,6-Dinitro-l,[|.-dlchlorobenzene , 
2 ,g-»Dlnltro-'l ,l4-"dlbromobenzene 
This compound was obtained by Dr. G, S. Hammond 
<1 
using the method of Jackson and also a modified pro­
cedure of Sundo.^  ^ m, pt« - 128-129*^ • 
2,6-Dlnitro-l ,l4.-dibromobenzene 
Several attempts were made to obtain a pure sam­
ple of this compound from the nitration mixtures re­
sulting from using the procedure developed by Jackson. 
All attempts were unsuccessful, therefore, an alter­
nate synthesis had to be developed. A pure compound 
was obtained by running a Sandmeyer reaction on 2,6-
dinltro-li.-bromoaniline which was prepared by Dr. G. S. 
Haifflnond. Approximately 1.8 grams of 2,6-dinltro-i|.-
bromoanlllne was dissolved in 20 ml. of concentrated 
sulfuric acid and cooled to 0® in an ice-salt bath. 
The amine was diazotlzed by adding it very slowly to 
a solution of 0,lj.8 grams of sodliim nitrite in 20 ml. 
of concentrated sulfuric acid at 0®. After the amine 
had been added, the solution was allowed to stand In 
an ice bath for about one-half hour. The dlazonlxom 
salt solution was added slowly to a solution of cu-
52. C. J. Sunde, G. Johnson, and G. P. Kade, J. Org. 
Chem.. It, (1939). 
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prous bromide in ifS percent hydrobromic acid, also at 
0®. After addition, the reaction mixture was allowed 
to stand and warm up to room temperature gradually. 
The crude product was obtained by extracting the re­
action mixture with Skelly B. It was recrystallized 
from cyclohexane, yellowish crystals were obtained, 
m. pt. • 112-115°. These crystals were recrystallized 
from Skelly B using a pinch of Norite, m. pt. « 119-
119.5®. 
2,6-Dini trobromobenzene 
This compound was prepared from 2,6-dinitroanillne 
using the same procedure as that above for 2,6-dlnitro-
1,1^-dibrcHttobenzeno. It was prepared mainly to make cer­
tain that the bromination step had taken place success­
fully in the synthesis of 2,6-dinitro-4-bromoaniline. 
The melting point of the pure 2,6-dinitrobromobenzene 
was 103"'103.5°. The infra-red absorption spectra also 
showed that these two compomds were different. 
2,3*Dinitro-l,J!j.-dichlorobenzene m. pt. ® 101-102®. 
2>5'*3Dinitro-l,lj.-dichlorobenzene m. pt. « 117.5"-110.5° 
2,6-Dinitro-l,]4.-dichlorobenzene m. pt. " lOl^.5-105® 
These compounds were obtained from the dinitration 
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51 
of £-dichlorobenzene using the procedure of Jackson 
and some modifications by Dr. G, S. Haimaond. 
It might be mentioned here that both the dichloro 
and dibromo dinitro benzenes can cause severe contact 
dermatitis. The first indication is a swelling of the 
affected Joints and general itching. This investiga­
tor became sensitized to these cosnpoimds after about 
three months contact, thus indicating that the initial 
resistance was overcome by this time, 
2«-Hitro-l4.-chlorobromobenzene 
This compound was prepared from 2-nitro-4-ciilo3?o-
aniline by means of a Sandmeyer reaction. 
The amine {3k»5 grams) was dissolved in 35 Ml* of 
48 percent hydrobromlc acid and 50 ml, of hot water and 
stirred mechanically. An additional 77 ml, of if.8 per­
cent hydrobromlc acid was added causing the amine to 
form a very fine suspension. The mixture was cooled 
to 0° in an ice-salt bath. An aqueous solution of 
sodium nitrite, ll|.,l|. grams in 35 ml, of water pre-
cooled to 0® was added slowly to the stirred suspen­
sion, The clear diazonium salt solution was tested 
for excess nitrite with starch-iodide paper, the test 
was negative. Cuprous bromide was prepared according 
to an Organic Syntheses procedure The clear dia-
zoni\im salt solution was added to a suspension of 36 
grams of cuprous bromide in $0 ml. of i+S percent hy-
drobromic acid at room temperature. The suspension 
was mechanically stirred during the addition. After 
all the salt had been added, a reflux condenser was 
attached to the system. The reaction mixture was 
heated over a steam bath to expel nitrogen. Then the 
reaction mixture was steam distilled, the product col» 
lected in about two and one-half liters of distillate. 
The crude product was dissolved in ether and extracted 
with a 5 percent sodium hydroxide solution. The ether 
was removed and the product recrystallized from 95 per­
cent ethanol using Horite. A second recrystallizatlon 
from ethanol yielded fine yellowish white crystals, 
m. pt. ® 68-68#5®. 
lj.-Bromo-2-nitrochlorobenzene 
A good yield of this compound was obtained frcm 
the bromination of 2-nitrochlorobenzene uaing an adap-
53* H. Gilman and A, ii, Blatt, ®Organic Syntheses 
Col. Vol. II," J, Wiley and Sons, New York (1914-3), 
p. 132. 
-Imi­
tation of a procedure of WatersTo a mixture of 
17 grama of silver sulfate and six millilitera of 
bromine in 100 ml. of concentrated sulfuric acid was 
added l6 grams of 2-nitrochloroben2ene. This mixture 
was heated under refliix over a steam bath for approx­
imately ten hours. The mixture was poured onto cracked 
ice, the excess bromine being removed by the addition 
of solid sodixam, bisulfite. The crude solid was fil­
tered and extracted with ethanol and ether. The ether 
was removed. The product was reci^atallized twice 
from ethanol giving fine light yellow crystals, 
m. pt. « 69-70®, 
p-Eibromobenzene-C^ 
Another method by which the isomer ratios obtained 
upon the nitration of 2,5-dlbromonitrobenzene could bo 
determined is by the use of isotopic dilution analyses, 
?ifith this view in mind, the synthesis of ring labeled 
£-dibroraobenzene-C^^ was carried out. The tracer work 
is still in progress. The isotopic dilution method 
should provide an independent check upon the results 
obtained by means of the infra-red analytical method. 
$k* D, H, Derbyshire and W, A, Waters, J, Chem, Soc,, 
576 {1950), 
Acetanlllde«>G^ 
Ac®tanilld©-G^^ waa prepared by dissolving i)..78 
grsuns of aniline hydrochloride-C^^ in 100 ml. of water 
and heating to 50®. To this solution was added six 
milliliters of acetic anhydride rapidly without stir­
ring. Immediately then, five grams of sodium acetate 
in 15 ffll» of water were added. The solution was 
stirred rapidly and then cooled in an ice bath to 5®* 
The white crystals were collected by suction filtra­
tion. Model experiments gave yields of about 90-95 
percent, 
p-Bromoacetanilide-C 
The white crystals from above were dissolved out 
of the Buchner funnel by approximately 25 ml. of glacial 
acetic acid. The acetic acid solution was cooled in an 
ice bath and then about 2.5 bi1. of bromine were added 
slowly in small portions. The slushy suspension was 
poured onto cracked ice about 100 ml. The excess bro­
mine was removed with solid sodium bisulfite and then 
the solid was collected by suction filtration. Model 
experiments gave yields of about 90 percent. 
p-Bromoanlllne-
The solid was transferred to a l50 ml, distilling 
-If3-
flask to which was added 20 ml, of water. The mixture 
was then refluxed. About eight milliliters of concen­
trated hydrochloric acid were added in one milliliter 
portions in about 15 minutes. The solution was then 
refluxed for about one hour. Then about 1|.5 ml, of 
the liquid was distilled over to remove the ethyl ace­
tate formed during the hydrolysis. The clear solution 
was poured onto about 75 ml, of cracked ice and neu­
tralized carefully with a 10 percent potassium hy­
droxide solution. The white solid was filtered by 
suction. Model experiments gave yields rangln^j from 
87-97 percent, 
p-Dibromobenzene-C^^ 
The solid amine was dissolved in 20 ml. of not 
water and 20 ml, of ]|8 percent hydrobromic acid. Then 
an extra 25 wl, of I4.8 percent hydrobromic acid was ad­
ded causing a fine suspension to form. This suspension 
was cooled to -3° in an ice-salt bath and mechanically 
stirred during diazotization. The diazotizatlon was 
carried out by the drop-wise addition of an aqueous 
solution of sodium nitrite, 2,2 grams in 15 ml, of 
water, precooled to 0®, The clear diazonium salt so­
lution was checked for excess nitrite with starch-
iodide paper. The test was negative. In a 3 neck 
-M}--
250 ml. flask equipped for steam distillation was 
placed five grams of cuprous bromide and 20 ml. of I4.8 
percent hydrobromic acid. The clear dark purplish red 
solution was heated to boiling and then the cold dia-
zonium salt solution was added through a dropping fun­
nel in i|.0 ml* portions. After complete addition of 
the diazonium salt solution, the crude product was 
recovered by steam distillation. The crude product 
was a yellowish white solid, weighing 5»3 grams. The 
crude material was air dried and then dissolved in 
about 25 lal# of hot Skelly B, The yellow solution was 
decolorized with about one gram of Korite, The pro­
duct was then collected by cooling, and then succes­
sively reducing the volume of Skelly and cooling in 
an ice-salt bath. The total weight of product col­
lected in this fashion was If,6 grams representing an 
overall yield for the complete synthesis of 55 percent. 
Model experiments on the Sandmeyer reaction gave about 
90-95 percent for the crude yield and about 95 percent 
for the recrystallization from Skelly B, 
Nitration Studies 
One typical nitration run will be described in de­
tail and the data concerning the other runs will be 
foxmd in the Table V for 2,5'"dichloronitrobenzene and 
-1^ 5-
Table VI for S^^-dibromonitrobenzene, 
Run No. 10 
To a 100 ml. round bottom flask were added two 
grama of 2,5-dicJriloronitrobenzene (O.OlOif moles) and 
i4.,l4. grams of sodii«n nitrate (0,052 moles). Then i^-O 
ml, of concentrated sulfuric acid were added and the 
flask connected to a condenser and immersed in a steam 
bath. The solution was heated for from four to five 
hours and then poured into cracked ice. The crude 
solid was recovered by suction filtration and then 
air dried. The crude solid was used directly for in-
fra-red analysis without any purification. 
Identification of Hif^.h Temperature Reaction Product 
When the nitration of 2,5-dibroraonitrobenzene was 
carried out at temperatures above 100°, a new reaction 
product was isolated. This product was found when the 
reaction mixtures were analyzed by the infra-red ab­
sorption method. It was very slightly soluble in car­
bon disulfide in the presence of the dinitro isomers 
but seemed to be completely insoluble when pure. It 
was also insoluble in the nitration medium and sepa­
rated out during the course of the reaction as a fine 
white solid. It was soluble in benzene. The compound 
seemed to sublime during the course of melting point 
Table V 
Nitration of 2,5-Dictiloronifcrobenzene 
Rim Wei^t Volume Wei^t 
No. Temp, of Cmp*d, Me dim Acid Acid of HaNO^ 
1 100® 5 grams 96.2 50 ml. 11 grams 
2 100 2 HNO^ Pximing 30 
3 100 2 H2S% Pixming 30 k f k .  
k  100 2 96,2 k o  
5 100 2 HMO^ 
HClOj^  
Fuming k o  ... 
6 100 2 96.2 k-0 k - A  
7 100 2 m o ^  
20^  HC10|^  
96.2 50 
8 120 2 2 H2S% 96.2 150 
9 lli.0 2 2 H SO, 2 14. 96.2 
160 k f k -
10 100 2 HgSq^ 96.2 1{.0 if 4 
V^elght 
of added salts 
9 grams KHSOj^ 
9 grams KCIC^ 
Table V (Continued) 
Rim Wei^t Voltame Wei^t Weigjit 
No, Temp, of Cmp'd. Meditira fo Acid Acid of NaNO^ of added salts 
11 100° 2 grams 2^®% 95*0 I}.0 ml, —-
12 100 2 89.5 ii-O 
13 1^ 0 5 2 2^^ % PiJming l60 17.6 
lii. lli-O 5 2 2^^ % 96.2 160 17.6 
Table VI 
Nitration of 2,5"-I)ibroinonltroben2ene 
R\m Ifeight Volume Wei^t 
Ho. Temp* of Cmp»d, Medium fo Acid Acid of NaNO^ 
A-1 100® 2 96.9 k-O 3a 
A-2 100 2.85 89- 1^ 0 i4.4 
A-3 100 2.85 HgSOi^  Pum^ing ko 
A-fl- 100 2 HNO^ 
20^  HClOj^  
Fuming 50 mrnitmmm 
A-6 100 2.85 96.9 k-0 k*k 
A-7 100 2.85 HgSOij^  96.9 k-0 6«6 
A-8 lij.0 10 2.85 96.9 160 17.6 
A.9 120 5 2.85 HgSOi^  96.9 160 17.6 
A-IO 120 2 2.85 90 160 17.6 
A-11 100 2.85 96.9 ko it-vl}-
A-12 100 2.85 h2s% Fuming k.0 
9^-
determination upon a melting point block. The com­
pound softened at 209° In a sealed capillary and then 
seemed to decompose above 2l5®. 
The same product was obtained when 2,5-dinitro-l,l|.-
dibromobenzene was added to the usual nitration medium 
at It was identical with the product obtained 
from the nitration of 2,5-dihromonitrobenzene as shown 
by infra-red absorption spectra. This compoxmd con­
tained both bromine and nitrogen but no sulfur. It 
also gave a positive test^^ for the presence of two or 
three nitro groups in the molecule, A bri^t red color 
was obtained when a few milligrams of compound were 
added to a mixture of acetone and $ percent sodium hy­
droxide • 
This reaction product is thought to be the tri-
nitro compoiind; 2,3,5-trinitro-l,i}.-dibromobenzene, 
Analysist Calcd. N ® 11.3 percent; Pound N • per­
cent . 
Infra-red Spectrophotometric Analytical Methods 
The differential solvent technique was employed 
for the analytical procedure. The solvent used was 
55* N. D. Chernois and J, B, Entrikin, "Semimicro 
Qualitative Organic Analysis," Thomas Y, Crowell Co,, 
New York, 19^1-7» P. 136. 
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analytical grade carbon disulfide since this solvent 
had good absorption characteristics above the 10ytA 
range. The spectra of the pure compounds in carbon 
disxilfide was determined and then it was found that 
each of the products and the starting material had 
distinctive absorption bonds. Experimental conditions 
were then determined in such a fashion that the Lam­
bert-Beer Law was followed. 
Log IQ/I » kcl 
Samples of from 0,05 grams to 0,30 grams were 
weighed directly into 10 ml, volumetric flasks. This 
concentration range was employed due to the solubility 
of the compounds in carbon disulfide. This range re­
sulted in readings of percent transmission ranging from 
95 to 75 percent. The percent transmission readings 
obtained were then plotted on semi log paper against 
the weight of the sample. In all cases, enough sam­
ples were used to determine a straight line cor-
relationship which gave results within three percent 
accuracy when applied to some synthetic mixtures. The 
accuracy of the method was affected to a large extent 
by the background or noise level of the machine and 
the limit of readability of the percent transmission 
•^ 1-
due to line thickness. In most cases, the noise level 
of the machine was no more than a half of a division 
or 0,5 percent transmission. This would be responsi­
ble for the differences between the true values and 
the calculated values for the synthetic mixtures. In 
all of the nitration runs on 2,5**dichloronitroben2ene, 
the reactions were carried to completion so that there 
was no interference due to unreacted starting material. 
This fact could easily be ascertained by the absence 
of the characteristic 2,5-dichloronitrobenzene wave 
length at 9.52//. This starting material had a band at 
12,18//which was Identical with the analytical band 
for 2,3-dinitro-l,li.-dlchlorobenzene, In the case of 
the mixtures, the base line technique was employed so 
as to minimize the background contribution of the other 
components to the analytical band of component being 
measured. Since substances following the Lambert-Beer 
Law, the optical densities are additive, the true ab­
sorption maxima were calculated by subtracting the 
logarithm of the background from the logarithm of the 
observed percent transmission. 
In Table VII are listed the distinctive analytical 
absorption bands used for the determination of the isomer 
ratios in this study. 
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Table VII 
Analytical Infra-red Absorption Bands 
Gompoimd (microns) i c m - h  
2,5 dichloronitrobenzene 
2,3 dinitro-l,l4.-dlchlorobenzene 
2.5 dinitro-l,li.-dichlorobenzene 
2.6 dinitro-l,ii.-dichlorobenzene 
9.52 
12.18 
11,88 
13.95 
1050 
822 
8^ 2 
718 
2,5 dibromonitrobenzene 
2,3 dinitro-l,i|.-dlbromobenzene 
2.5 dinitro-ljlf-dibromobenzene 
2.6 dinitro-l,ii.-dibroniob0nzene 
9.68 
12.22 
11.90 
13.95 
1032 
818 
8ij.O 
718 
Table VIII shows the accuracy with which several 
synthetic mixtures were analyzed using the absorption 
bands indicated above. The greatest deviation was ap­
proximately three percent. 
The analytical accuracy for the dibromo compounds 
was not as reliable as that for the dichloro compounds. 
This was due for the most part to the fact that most of 
the dibromo nitration runs still contained unreacted 
starting material in the reaction product analyzed. 
This introduced another source of error since the start­
ing material and the 2,3-dinitro isomer had the same ab­
sorption band. The amount of starting material had to 
-53-" 
Table VIII 
Analysis of Synthetic Mixtures 
of Dinitro-Iscsners of 1,1|. dichlorobenzene 
Mixture 
Ho. Compound Actual % Calculated % Difference 
1. 2,3 dinitro 
2.5 dinitro 
2.6 dinitro 
l^ -^ 3 
16,7 
i}.6,6 
16.9 
36.5 
-1,7 
0.2 
1,6 
2. 2,3 dinitro 
2.5 dinitro 
2.6 dinitro 
21,8 
28,4 
k-7»k 
21,2 
31.3 
-2.k 
•0,6 
2,9 
3. 2,3 dinitro 
2.5 dinitro 
2.6 dinitro 
26,9 
21,7 
51.4 
26.7 
21.8 
51.5 
-0,2 
0,1 
0,1 
be determined and taken into accoimt in calcvilating the 
intensity of the characteristic 2,3"<iinitro absorption 
band. Also, in the high temperature i\ms, the presence 
of another product made the analysis more uncertain. 
The precision, however, between two identical runs was 
good, the deviation being of the order of two percent. 
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DISCUSSION 
In order to analyze the mixtxires obtained in the 
nitration of 2,5-dibromonitrobenzene and 2,S*dlchloro« 
nitrobenzene and thus study the isomer ratios obtained, 
it was necessary to prepare the pure compounds. Having 
these pure compounds, it was deemed of interest to study 
their ultraviolet absorption spectra with the hope of 
being better able to elucidate the species present in 
solution xjnder nitration conditions. The spectra meas­
ured was confined in all cases to wave lengths from 
Ij-OOO R to approxinmtely 2200 the effective range of 
the spectrophotometer used in this study. 
The tiltraviolet absorption spectral data is stmmia-
rized in the following tables. In general, all of the 
nitro halobenzenes exhibited the same type of spectra 
having three absorption maxima in the ultraviolet range 
as shown in Figure 6. As can be seen from Table IX, 
the first absorption maximum at approximately 2250 2 
is essentially unaffected by changes in solvent. This 
intense band has the same approximate wave length as 
the band which the para dihalobenzenes themselves ex­
hibit, In water, £-dichlorobenzene has a maximton at 
221^ .0 £ and £-dibromobenzene, one at 2265 It is 
generally assumed that the intense absorption of light 
ssyceH,«^«ol 
Cone. 
I 
VA 
-0 
I 
wave length ca) 
Pig. 6 The Ultraviolet Absorption Spectra of 2,>-Dinltro-l,ii.-dibromobenzene, 
9Sr% E'Ktanol 
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WcL+cr 
Xma.y. ^ 
cone. M^SCLi. 
A mcky. G 
Si* 
8r-
cc 
ei 
0 
Br­
et 
0 
CI 
MO, 
o^, 
NO, 
Jr CI 
St-
CI 
O 
CI 
2200 
nj-4oo 
l%ZOO 
22^5 1^300 
2200 le^ o^o 
2250 le^ ioo 
2?800 
25^  lOO 
13,300 
226Sr |^ .300 
2229 ISITSO 
2aSO I75'5'0 
2t90 19100 
2225 18^750 
22 to 29.300 
2290 22^800 
I9800 
226? I^S'OO 
2?50 
22IO 
22^  S 16^ 500 
17^  lOO 
vk 
00 
I 
I9 040 
f76SO 
Table IX The Ultraviolet Absorption Maxima for Various Nitrohalobenzenes. 
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which characterizes certain organic compoTonds is as-
sociated with some form of resonance in the molecule 
Since the resonance structures usiially written for the 
halobenzenes involve separation of charge, these struc--
tures, if they were major contributors to the observed 
electronic transitions would be affected by changes in 
solvent. The ionic forms should become greater con-
tributors in the more polar solvents with a corres­
ponding shift in the observed absorption to longer 
57 
wave lengths. Very small shifts in this first ab­
sorption maximum have been found for these compounds 
in solvents ranging from 95 percent ethanol to con­
centrated sulfuric acid. These solvents represent a 
very great change in dielectric constant of the medium. 
56. C, R. Bury, J. Am. Chem. Soc.. 2115 (1935). 
57. G. K. Lewis and M. Calvin, Chem, Revs., 25. 273 
(1939)• 
-60-
Thus, it would appear that the halobenzenes do not 
interact very strongly with the solvent. The small 
shifts observed are probably due to the greater polar­
ization of the molecules in the more polar solvents. 
This first maximxim probably corresponds to the 1800 R 
band in benzene shifted to longer wave length by some 
perturbation due to the polarization of the halogen 
atom. The near ultraviolet spectra of the phenyl 
halides has been recently interpreted on the basis of 
molecular orbital theory by Matsen.^® He calculated 
the position and intensity of the low intensity bands 
at approximately 2500 & in good agreement by making 
allowances for the inductive effect of the substitu-
ents. This was necessary for the phenyl halides since 
the resonance and inductive effects oppose each other, 
he took account of the inductive effect by asstaming 
that the hi^ electron affinity of the substituent 
polarizes the C-X bond in such a way as to raise the 
electron affinity on carbon atom one. 
The second absorption band, shown in Table X, is 
due to the aromatic nitro function in the molecule. 
58, W, W, Robertson and P. A, Matsen, J, Am, Chem, 
Soc,. 22, 5252 (1950). 
95% E^Katiol 
e 
Wa-l-cr 
% maK. € 
cone. 
ahuix. € 
0r 
Br-
0' 
CI 
CI 
ci 
9 
5: 
9r 
CI 
O^ HQNO,. 
CI 
2AOO 
24-15 
4000 
OT70 
r420 
9070 
2SeO 2B70 
2780 
2.900 
2615 
62S0 
4970 
9IOO 
SHouU^i^ r>o4- 4-ruc max. 
:ri4o 
7080 
I 
o 
Table X The Ultraviolet Absorption Maxima for Various Nitrohalobenzenes. 
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It corresponds to the 2600 S absorption band which is 
found in nitrobenzene. This band is modified by the 
other substituents on the molecule, for example; a 
second nitro group causes this band to shift to shorter 
wave lengths. This is probably due to cross conjuga­
tion of the two nitro groups in the molecule as shown 
below. 
The second nitro group will decrease the mobility 
of the electrons required for the conjugation of the 
first nitro group with the benzene nucleus. Therefore, 
the energy required for this transition will be greater 
and thus the absorption will be shifted to shorter wave 
lengths. Thus, m-dinitrobenzene has an absorption max­
imum at 2i{.25 ^ in water as compared to a maximum at 
2670 S for nitrobenzene. The sensitivity of this band 
to solvent can be explained on the basis of the inter­
action of the molecule with the solvent especially by 
-63 
means of hydrogen bonding. In ethanol solution, the 
hydrogen bonds between the nitro compounds and the 
solvent are very weak as has been previously reported 
using O-deutero methanol and nitrobenzene. However, 
it seems very reasonable that the shift observed in 
going to more polar solvents is actually due to hy­
drogen bonding since a study of the ultraviolet spec­
tra of nitrobenzene in sulfuric acid solutions of 
varying concentrations show a definite correlationshlp 
between the wave length and acid strength. Table XI 
presents the data for nitrobenzene in sulfuric acid 
solutions. 
The nitro group has a relatively large dlpole 
moment which is attributed to the formal charges on 
the nitrogen and oxygen. The formal negative charge 
on the oxygen atcmi should make this group a good hy­
drogen bonding species. It has been shown by Gilles-
2 pie that in 100 percent sulfuric acid, a compound 
such as nitrobenzene is actually i^.1 percent ionized, 
that is, present in solution as the conjugate acid. 
Thus, the shift to longer wave lengths shown by the 
basis of his spectroscopic work 
59. W, Gordy, J. Chem. Phys,, I, 93 (1939). 
-6i^ . 
second absorption raaximuEa for the nltrohalobenzenes 
can be easily be rationalized as due to the greater 
contribution of the hydrogen bonded complexes as the 
solvent gets more polar. 
Table XI 
Ultraviolet Absorption Maxima of Nitrobenzene 
in Changing Solvents 
Solvent Maxima Maxima 
Isooctane^^ 2520 i 8900 
n-Hexane^^ 2520 R 10000 
Water 2670 £ 8950 
69.6^  HGSQ  ^ 2760 i 
281|.0 £ 
87.9^  2865 A 
93.6^  HGSOJ  ^ 2890 k 
96,85^  2885 i 
984^  H2S0|^  2885 R 
60» Calif, Research Corp., Research Project 
National Bureau of Standards, 
61. 1. A. Braude, Ann, Reports, kZ, 126 (I9i|.5). 
6^ -
sine® resonance between the nitro group and the 
benzene nucleus requires coplanarity of the resonating 
system, it would be expected that steric effects which 
would interfere with this coplanarity could be observed. 
As can be seen from Table X, this fact has been ob­
served, The compound, 2,3-dinitro-l,lf-dibromoben2;ene, 
does not exhibit an absorption maximum in the region 
of 2^00 The bulk of the bromine groups next to the 
two nitro groups exerts enough steric hindrance to 
prevent the nitro groups from lying in the plane of 
the benzene ring. As would be expected, the greater 
size of the bromine group exerts a noticeably larger 
steric effect upon the nitro groups than the chlorine 
group. This same steric effect is observed in the 
spectrum of jo-dinitrobenzene. No definite absorption 
maximum can be found in the spectra though shoulders 
are observed at 2ij.80 ^ and 21I4.O 2. in 95 percent ethanol. 
The third absorption band found in these systems 
is presented in Table XII. This band is of low inten­
sity and is probably most easily correlated with the 
low Intensity absorption maximum of nitromethane at 
2700 £ in hexane. It corresponds to the 3300 K band 
found in nitrobenzene and has an intensity of approx­
imately one-hundredth that of the 2600 R band. The 
99% EVIifluiol 
Amcy. € 
Wa+cr 
Ahncur. E 
eonc. M^ SQ#. 
^ max. 6 
Br-
CI 
5::^  
CI *-
Or 
CI 
31OO 
7IOO 
\SZO 
16IO 
1680 
ISTTO 
14-30 
31X9* 
SITS" as-io 
IS20 
1 
31SO 
3210 
\ S Z O  
1530 
I530 
I'dOO 
ICiSO 
I900 
I300 
1990 
19CO 
3376- m-co 
I 0 
1 
Table XII The Ultraviolet Absorption Maxima for Various Nitrohalobenzenes. 
i 
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shift to longer wave lengths of this absorption band 
in aromatic nitro compounds may be due to rehybridiaa-
tion of the bond orbitals about nitrogen in the aromatic 
compounds. This band is observed in all of the cm-
povinds examined in this study. It shows about the same 
solvent effects as the 2600 ^  band, however, it does 
not seem to reflect any steric effects. 
The study of the ultraviolet spectra of nitroben­
zene in varying concentrations of sulfuric acid was 
undertaken to be better able to understand the varia­
tion in the rate of nitration with acid concentration. 
The kinetics of nitration in a particular solvent de­
pend not only upon the nature and concentration of the 
nitrating agent, but also upon the state of the aro­
matic substance being attacked. Nitrobenzene has been 
assumed to exist in sulfuric acid - water solutions 
either as the conjugate acid or as a hydrogen bonded 
complex. The data presented in Table XI and plotted 
in Figure 7 confirms the view that nitrobenzene is 
present in solution as a hydrogen bonded complex. The 
shift of the absorption maxim\xm to longer wave lengths 
as the concentration of sulfuric acid increases con­
forms very closely with the solubility work of Hammett-^^ 
on nitrobenzene in sulfuric acid - water mixtures. That 
Ultraviol^-I' AbsorpHon 
Spectrum of Nitrobenzene 
in ^oX-fur'iC Aci <L Soluti 
90 do lOO 70 eo 
PERCENT BY WEIGHT 
Pig. 7 The Ultraviolet Absorption Spectrum of Nitrobenzene In Sulfuric Acid 
Solutions. 
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the absorption maximian remains constant above 90 per­
cent sulfuric acid is very significant. Thus, it would 
appear that all of the nitrobenzene has been converted 
into a hydrogen bonded complex with sulfuric acid at 
acid concentrations above 90 percent. This fact would 
seem to Indicate that the viewpoint expressed by Gil-
2 lespie in explaining the falling off of the nitration 
rate in solutions of sulfuric acid above 90 percent is 
not necessarily correct. He suggested that the con­
centration of the hydrogen bonded complex of nitroben­
zene was changing in these high acid concentrations. 
The extent to which the conjugate acid was formed was 
determined by the basicity of the compotmd. He cor­
related the decrease in nitration rate with the in­
crease in concentration of this species in solution. 
If the conjugate acid became an important species in 
solutions above 90 percent sulfuric acid, it would be 
expected that large bathochromic shifts would be ob­
served in the absorption spectra. Essentially the ni­
trobenzene molecule would be converted into an ion and 
large shifts in wave length have been shown to occur 
for such systems by Brooker®*^ in his work on indicators 
62. L, G. S. Brooker and R. H. Sprague, J, Am. Chem. 
Soc.. (I9ii-1). 
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and dyea* Ho such shift has been observed in this in* 
vestigation. It would be extremely fortuitous if the 
conjugate acid and the hydrogen bonded complex had the 
same absorption maximum. It has also been noted that 
in carrying out nitration reactions in fuming sulfuric, 
the addition of 2,5-dibromonltrobenzene causes the acid 
solution to turn red. It is probable that this was due 
to the formation of the conjugate acid of the nitro 
compo\md. This result would be vei^y plausible in view 
of the work of Brooker cited previously. 
The problem of explaining the maximum in the rate 
of nitration in the vicinity of 90 percent sulfuric 
acid has still not been satisfactorily solved. The 
rate determining step in the reaction involves the elec-
trophilic attack of the nitronium ion upon the arc»natic 
compound, essentially a neutral molecule. 
H NOp 
4- NO2 
Transition State 
Rate a ^NO^ " ^-ll^ArIffl02^ 
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The rat® constant is very small and the rat© 
constant kg is very large, thus, the overall rate is 
determined by k-|^. The rate of a reaction of this type 
shoiild be Influenced by the ionic strength and the di­
electric constant of the medium.Since the effective 
radius of the activated complex in the transition state 
is greater than that of the nitronium ion, it will be 
less susceptible to changes in the raediijm. The charge 
in the transition state can be spread out to a much 
greater extent than can the charge on the nitronium 
ion. Thus, as the dielectric constant of the medium 
is increased, the rate of the reaction should decrease 
since the activity coefficient of the nitronium ion 
will be affected to a greater degree. Thus, a possible 
explanation for the falling off of rate may be ration­
alized on the basis of the changing dielectric constant 
of the mediiam. The increase in rate upon the addition 
of bisulfate ion can then be considered due to a gen­
eral salt effect upon the reaction producing the ni­
tronium ion. 
The compoimds, 2,5-dibromonitrobenzene and 2,5-
63. S, Glasstone, K. J. Laidler, and H. Eyrlng, "The 
Theory of Rate Processes," McGraw-Hill, New York, 194l» 
p. 43V. 
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dlchloronitrobenzene, were chosen for the study of the 
ortho-para ratios obtained from the nitration of aromatic 
nitro compounds. These compounds were especially con­
venient in that they had only one available ortho or 
meta position. The other two positions were both blocked 
by the same substituent, thus effectively eliminating any 
complications due to the blocking group. As shown below. 
the positions will be referred to with respect to the 
nitro group. 
These nitration experiments were essentially in­
ternal competition experiments between the available 
positions on the halonitrobenzenes. The isomer ratios 
produced could be correlated directly with the differ­
ences in the free energies of activation of the cor­
responding transition states. This was true since the 
external conditions were obviously the same during any 
one reaction. The results of these experiments could 
enable us to evaluate critically the importance of the 
CI 
meta 
para FNO2 ortho 
CI 
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different factors which influence the free energies of 
activation of the different transition states. 
Since the attack of the nitronium ion upon the 
benzene nucleus is the rate controlling step during 
the process of nitration, the rate of formation of the 
ortho~isomer will be given by the following equation, 
d [ortho"isomer] « k^ (ArH\( NOg ) 
dt 
Similarly, the rate of formation of the para 
isomer will be 
d [para-isomerl « kp(ArH)( HO2 ) 
dt 
The ratio of the relative amoiints of the two iso­
mers will be independent of time and a function only 
of the relative specific reaction rates. 
[ortho-isomei^ k© 
« • 
[. para-isomei^ kp 
The problem of the effect of structure upon the 
rate of reaction and upon its temperature coefficient 
reduces to the consideration of the sum of two terms, 
one, dependent only upon potential energies and the 
-7i^ -
other, dependent upon the kinetic energies of vibra­
tion and rotation. 
AP - A p * s (a evJL + eli.) o p ^ po PP ko kp' 
- RT In f^p 
f^ f 
•^p^o 
The orientation of substituents in the benzene 
ring may be considered a case where only the poten­
tial energy terms are involved. This has been shown 
to be true for a number of different substitution re­
actions.^ If the relative rate of reaction in the 
different positions is just a purely potential energy 
problem, it is possible to calculate the entropy dif­
ferences which exist in the corresponding transition 
states. In terms of the collision theory, this im­
plies that the product PQZQ will have the same value 
as PpZp where P Is the probability factor and Z th. 
frequency factor. 
o o o 
Since the frequency factor is not likely to differ 
6I4.. L. P. Haminett, op. cit., p. 126. 
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greatly, this is equivalent to the condition that the 
probability factor has the same value for both isomers* 
Therefore, it is necessary only to determine the 
isomer ratios at several different temperatures to be 
able to calculate the entropy differences. 
aS+ - « d [rT In k^Ap] 
dT 
Using this relationship, the following values 
have been calculated for the nitration of 2,5~dichloro-
nitrobenzene and 2,5-dibromonitrobenzene, For 2,5*"di-
chloronitrobenzene in concentrated sulfuric acidj 
A ^ Sp " 2*7 e«u« 
aS* - as* a e.u. 
For 2,5 dibromonitrobenzene in concentrated sulfuric 
acidt 
^ sj - -e-Sp a + 2k»0 e.u. 
A SQ - a ® +• 12,0 e.u. 
The differences shown above for the two compounds 
are probably due to the greater steric effects found 
in 2,5-dibromonitrobenzene, 
Aa a comparison for the above compounds, several 
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other literature values will be cited. For the ni-
6? tration of toluene: 
asJ - a Sp s + 0,5 e.u, 
As| - A s+ = +-3.1 e.u» 
For the nitration of benzoic acidj^^ 
AS* - ^  sj = + 2.0 e.u. 
An interesting result is found in the determina­
tion of the temperature dependence of the isomer ratio 
of the nitration of 2,5-dichloronitrobenzene in ftaning 
sulfuric acid. The ortho-para ratio decreases with 
increase in temperature. In this case, the calcula­
tion of the entropy differences of the corresponding 
transition states presents a new problem. If it is 
assumed that all of the 2,5-dichloronitrobenzene is 
present in fuming sulfuric acid as the conjugate acid, 
then the entropy calcxilation c€ui be made in a straight 
forward manner. 
d l^ortho-isomerj « k^^ArNOgH) (1^02) 
d r para-isomerl = kp (ArN02H ) (NO2) 
65* L. P. Hammett, op. cit., p» 126. 
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Therefore 
jjorth£»isome^ k( 
[ para-lsomei] k P 
aS^ - « -7.8 ®.u, 
AS| " - -7*ij- 0»u. 
If, however, the 2,5-dlchloronitrobenzene is pre­
sent as both tiie conjugate acid and the hydrogen bonded 
complex, then the entropy calculation becomes too in­
volved. 
dTortho-isomer^ . . +. , 
L•k^ (ArN02)( NO^  + k^ lArlOgH )( NO2 ) 
dt 
? » kplArKOgU KO2] + kl(ArI?b2® ) ^ ^ 
dt 
ArH02+ ArN02H 
K s (ArN02H) 
(^ArKO^UH"^) 
Therefore 
d[ortho-isome:^ kQ(ArN02) (NO2) + kQK(ArN02)(H^) (NO2 ) 
d [ para-lsomei^ k (ArNOgK SO^) +kpK(ArNOg)((NOg ) 
78 
d l^ ortho-laoma:!^  kQ+k^ KlH^ ) 
d [ para-lsomer] kj^k^K(H^) 
This above equation cannot be integrated very 
simply, therefore, the entropy calculation would be an 
oversimplification for this case. 
The nitrations were carried out xinder a variety 
of conditions. The variables investigated were tem­
perate, solvent, and salt effects. The data for the 
nitration of 2,5-dichloronltrobenzene is presented in 
Table XIII. 
In general, the results obtained can be satis­
factorily rationalized on the basis of two effects, 
the polarizability of the nitro group and tha effect 
of the dielectric constant of the medium. As has been 
shown previously, the nature of the aromatic nitro com-
poxind changes with solvent. Thus, in concentrated sul­
furic acid, solutions of above 90 percent acid, the 
compound exists as a tightly bound hydrogen bonded 
complex. At lower concentrations of sulfuric acid, 
the nitro compoxand is still bonded to solvent, but 
now an appreciable number of molecules are bonded to 
water, which is a much weaker acid, towards the aro­
matic nitro compound. At the other extreme, in fuming 
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Tabl© XIII 
nitration of 2,$ Dlchloronitrobenzene 
Run 
No. Temp , % Acid Ortho 
t Isomers 
Para Meta 
M 
TS 
0 
T 
3« 100® Fuming lij..5 32.5 53.0 3.7 0.145 
10« 100 96.2 21 .ii- 27.7 50.8 2.14. 0.77 
11« 100 95 214-.5 25.8 1^ 9*6 2.0 0.95 
12« 100 89 29.0 2ii.,l i|.6.8 1.6 1.2 
lit-# ll|.0 96.2 25.0 27.5 11-7.5 1.7 0.91 
15« lij-O Fuming 11 .ii- 3^ 4-8 53.8 14-.7 0.33 
7 100 Fuming HNOo 
20% HCX(^  ^
33.1 21,1 i^ 5.7 1.14- 1.6 
100 96.2 KHS0|^  2I4..2 27.3 14-8.1^  2.0 0.89 
6« 100 96.2 KGlOj^ 25.8 26.1^ . ij.7.8 1.9 0.98 
8 120 96.2 23.5 28.0 14-8.5 2.1 0.8I4. 
9 ll{.0 96.2 26.2 29.8 l|i|.*0 1.7 0.88 
1 100 96.2 35.0 19.3 14-5.7 1.3 1.8 
2 100 Fuming HNO^ No Reaction 
5 100 Fuming HKOn 
5^  HClOj^  
Ko Reaction 
«• These r\ins were made xmder identical ionic strength 
conditions. 
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sulfuric acid, the aromatic compound probably exists 
as the conjugate acid to a large extent. Thus, the 
polarizability of the nitro group caused by the ap­
proach of the nitronium ion, N02» which can be thought 
of as a point charge, will be decreased if the nitro 
group is tightly bound to solvent. In the case of 
fuming sulfuric acid, the conjugate acid actually re­
pels the approaching nitronium ion, thus, the ortho-
para ratio decreases since the activation energy for 
Ortho Transition State Para Transition State 
ortho substitution increases while that for para sub­
stitution increases relatively much less. Thus, the 
most favorable case for ortho substitution would be 
the nitration of tiie unsolvated compound itself since 
the polarizability of the nitro group would be un­
hampered. The nitronium ion would be attracted to the 
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ortho position by the negative charge on the oxygen 
of the nitro group. 
Of course, the main product obtained xinder all of 
the conditions investigated was still the meta isomer. 
This is to be expected due to the contributing reso­
nance forms for the aromatic nitro group. This would 
be true for all electrometric substituents, E. 
The nitronium ion was produced in solution by 
means of the following equiliberias 
The formation of ttie nitronixim ion also resulted in 
the formation of corresponding molar quantity of water 
which does change the coa.position of the nitration 
medium. To keep the conditions as nearly constant as 
CI ® 
NaNO^ + HgSOij^ —^ HNO^ •+" HaHSO|^ 
HNO^  + —> HOg +• ^ 3°^ + 2HS0j^  
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possible, the volxorae of acid and the weight of sodium 
nitrate was fixed. Thus, the percentages of sulfuric 
acid reported In the table of results are only relative 
and should not be considered to truly represent the 
medium during the whole course of the reaction. Kiis 
fact will explain the discrepancy between the results 
for rion one and run ten. The weight of sodium nitrate 
used in rion one was approximately 2-1/2 times that em­
ployed In run ten, thus the actual water content of 
the solvent In run one should be considerably lower 
than that in run ten. The most significant results 
are those for reactions carried out under the same 
conditions. 
The effect of added electrolytes was studied by 
the addition of potassium blsulfate and potassliwi per-
chlorate to the nitration mixture. Potassium blsulfate 
was employed since Bennett had postulated a termolecu-
lar process for the nitration reaction in which the 
blsulfate ion was acting as the base involved, 
ArH -H NOg + ^ ArNOg +- HgSOi^ 
Potassium perchlorate was especially suitable as a gen­
eral electrolyte since it has a molecular weight which 
is practically identical with that of potasslxam bls\il-
83-
fate. Both salts gave results which were practically 
the same, well within the experimental error. The 
only effect they produced was a small change in isomer 
ratio xindoubtedly due to the changing ionic strength 
of the medium. This would seem to confirm the view­
point of Ingold and Melander concerning the mechanism 
of nitration. 
A quantitative correlation between the isomer ra­
tios obtained from the nitration involving fuming ni­
tric acid plus 20 percent concentrated perchloric acid 
with the results for sulfuric acid solutions cannot be 
made very readily. The difficulty arises from the fact 
that dielectric constants for these media are \mknown. 
Of course, qualitatively, it would be expected that 
nitric acid would be a poorer hydrogen bonding solvent 
than sulfuric acid on the basis of the increased elec­
tronegativity of nitrogen over sulfur. Thus, the ob­
served results are in the direction expected. The con­
centrated perchloric acid necessary to produce the nl-
tronium ion complicates the picture sli^tly. The or-
tho-para ratio would probably be somewhat higher in 
nitric acid itself but the overall nitration rate was 
found to be inconveniently slow. 
The ortho-para ratio decreased as the concentration 
'6k' 
of sulfuric acid increases. Above acid concentrations 
of 90 percent, the nature of the aromatic compound is 
probably constant. This was found to be true for ni­
trobenzene as previously cited. Also, above this acid 
range, the nitroniiam ion concentration remains cc^stant. 
Thus, the polarizability of the nitro group is effec­
tively constant throughout this range. However, the 
dielectric constant of the medium is increasing, thus 
resulting in a relative decrease in activation energy 
of the transition state for para substitution. This 
is true if the attack of the nitronivun ion is looked 
upon as a function of the electrostatic energy between 
the dipole field of the substituent and the nitronium 
ion. Thus, the activities of the corresponding transi­
tion states would be affected by the change in the di­
electric constant of the medium. Again this problem 
can be treated on the basis of the reaction of a neu­
tral molecule with an ion, the important factor in this 
case being the charge separation within the different 
transition states. Th\is, increasing the dielectric 
constant, D will cause the ratio ^^o to decrease. 
ftt P 
This is to be expected since the charge separation in 
the transition state is much greater for para substi­
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tution than it is for ortho. Thus, in all these cases, 
two factors are operating concurrently: the effect of 
dielectric constant upon the activation energies of the 
transition states involved, and the effect of the sol­
vent upon the polarizability of the dipole of the ni-
tro group. 
The temperature effect exhibited by the ortho-
para ratios was in the expected direction, the ortho-
para ratio Increasing with temperatxire. The ratio of 
the relative amounts of the two isomers will be inde­
pendent of time and a fxanction only of the relative 
specific reaction rates. If the assumption is made 
that the entropy differences for the two transition 
states will be negligible, then 
RTln ICQ ® constant 
Thus, the proportion of the minor product must increase 
with increase in temperature. 
In Table XIV the results obtained in the nitration 
of SjS^dibromonitrobenzene are presented. Aa can be 
seen from the data, the same general trend is followed 
as that presented previously for dichloronitrobenzene• 
However, the steric hindrance of the ortho isomer is 
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Table XIV 
Nitration of 2,5 Dibromonitrobenzend 
Rxin 
lo. Temp. % Acid 
% 
Ortho 
Isomers 
Para Meta 
M 0 
T 
A-12« 100° Fuming 2.9 If3.1 53.9 18. 0.07 
A-3<^ 100 Pming 2.6 1|.1.8 55.3 21. 0.06 
A-n» 100 96.8 13.7 36.3 50.0 3»6 0.38 
A-1 100 96.8 12.1|. 38.2 4.9 .il- if.O 0.32 
A-2« 100 90 29.2 20.8 50.0 ^•7 i.i|. 
A-l}. 100 Fuming HNO-a 
20^  HC10|^  ^ 29.9 21.3 i|.8.8 1.6 1.]^  
A-lij.® 120 96.8 19.6 29 .ii- 51.0 2.6 0.67 
A-7<^ 100 96.8 19.2 37.5 it.3.2 2.3 0.51 
A-6« 100 96.8 Trinitro compoxind (?) 
A-8« i4o 96.8 Trinitro ccanpound (?) 
k-9^ 120 96.8 Trinitro compound (?) 
k-lQ» 120 90 Trinitro compound (?) 
»These runs were made under identical ionic strength 
conditions• 
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considerably greater for the dibromo compound than for 
the dlchloro compound. Thus, the actual amount of 
ortho isomer formed is considerably less with the re­
sult that the ortho-para ratios obtained are much smal­
ler. This is especially true of the nitrations carried 
out in fuming sulfuric acid where the species being ni­
trated is probably the conjugate acid. 
The rate of nitration for 2,5-dibrc8nonitroben-
zene is considerably slower than that for the corres­
ponding dichloro compound. Consequently, activation 
energy required for the nitration of the dibromo com­
pound probably is greater. In the higher temperature 
runs on the dibromo compound, a large amount of an un­
expected product was formed. This compound was probably 
the trinitro derivative of l,I|.-dibromobenzene, There­
fore, the difference between the activation energy re­
quired for mononitration of 2,5-dibromonitrobenzene 
and the dinitration of this compound is considerably 
smaller than for the dichloronitrobenzene, The acti­
vation energy for the dinitration of 2,5-dichloronitro-
benzene must be relatively higher than that of the di­
bromo compound since, under comparable conditions, di­
nitration of the dichloro compound does not occur. 
The same product, trinitro derivative, was obtained 
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from the addition of the pxire 2,5-dlnltro-l,ii.-dibromo-
benzene to the nitrating solution at li|.0®. It was 
identified by means of its characteristic infra-red 
spectra. It was possible to determine the isomer ra­
tio at 120° by stopping the reaction before all of 
the starting material had reacted. In this case, a 
mixture of starting materials, the normal products, 
and the trlnitro derivative was obtained. This would 
seem to Indicate that the activation energy differen­
ces were relatively small. At 100° only the normal 
products were isolated. 
Generalizing from this work, it could be expec­
ted that all deactivating electromeric substituents, 
E, would have ortho-para ratios greater than xmity if 
the polariaability of the substituent was not too great­
ly affected by the solvent. The ortho-para ratio could 
be thus correlated with the polarizability of the sub­
stituent giving results in agreement with the calcula­
tions of Dewar. For systems such as 2,5-dichloronltro-
benzene, Dewar would predict on the basis of his cal­
culations that the ortho isomer would be the major pro­
duct, The reason for this being that with a -E sub­
stituent, chlorine, next to an E substituent, nitro 
group, the bond order between these two carbon atoms 
89 
would be decreased thus, in effect, increasing the 
bond order between the adjacent carbon atoms. The 
remaining -E substituent will then orient the attack­
ing nitronium ion into tlie adjacent position having 
the changed bond order. These calculations are con­
sistent with the experimental results in that they 
predict the corr'ect trend. However, the ratios are 
affected to such a large degree by the medi\ara that it 
would be too much to expect of simplified calculations 
that they give all the answers. 
A general conclusion regarding electrophilic sub­
stitution that can be made on the basis of this study 
is that all of the deactivating electromeric substitu-
ents can be considered to be ortho directors in a limi­
ted sense. This is due to the fact that all substitu-
ents of this type can be polarized by the positive ion 
in such a fashion as to attract the positive ion to 
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th® optho position. Thus, in general, all E aubstitu-
ents such as •NOg, -COOH, -CK, -COOR will be meta-ortho 
directors. 
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SDMMARY 
The ultraviolet spectra of a number of different 
nltrohalobenzenes in solvents of widely different po­
larity have been reported. The spectra has been inter­
preted on the basis of the interaction of the compounds 
with the solvents and also on the basis of steric effects. 
The tiltraviolet spectrum of nitrobenzene in various 
compositions of sulfuric acid - water solutions has been 
reported. Nitrobenzene Is considered to be completely 
hydrogen bonded to sulfuric acid above concentrations 
of 90 percent sulfuric acid. The fall in nitration 
rate above 90 percent sulfuric acid is rationalized on 
the basis of the changing dielectric constant of the 
medixam. 
The isomer ratios obtained during the nitration of 
SjS-dlchloronltrobenzene and 2,5'"dlbromonitrobenzene 
have been reported on the basis of an infra-red anal­
ysis of the reaction mixtures. The results are corre­
lated on the basis of two effects operating concurrent­
ly s the effect of the solvent upon the polarizablllty 
of the nitro group and the effect of the dielectric con­
stant of the medium upon the activation energies of the 
possible transition states corresponding to the availa­
ble positions for nitration. 
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The general conclusion is drawn that all deacti­
vating electromeric aubstituents such as -N02» -COOH, 
-CH, are in a limited sense, ortho directors. 
